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I. BACKGROUND AND SUMMARY

The Long Duration Exposure Facility (LDEF) is a reusable structure

designed to accommodate many self-contained experiments during a proposed

9-month exposure in space. The space shuttle will be used to deploy and

retrieve LDEF.

The Long Duration Exposure Facility has been developed by the NASA office

of Aeronautics and Space Technology and the NASA Langley Research Center (LRC).

Through a memorandum of agreement between the Department of Defense (DoD)

Space Test Program and NASA, a spacecraft materials experiment, comprised of

19 subexperiments, was integrated by the Materials Sciences Laboratory of The

Aerospace Corporation for deployment on the LDEF spacecraft.

In this report the results of the certification vibrational tests, center

of gravity and weight measurements required to conform to the LDEF Project

Office safety policy, and requirements for payloads using the Space Transpor-

tation System (STS) are documented. Tests described herein were conducted by

personnel of the System Engineering Division, NASA-LRC and the Materials

Sciences Laboratory of The Aerospace Corporation. The test procedure was

drafted by Mr. John F. Rogers of NASA-LRC.

Certification vibration tests were performed on the SD802 materials

experiment, NASA experiment No. M0003, and the Air Force Geophysics Laboratory

(AFGL) cosmic ray detection experiment, NASA experiment No. M0002. The tests

were conducted to verify the structural integrity, assembly workmanship, and

to demonstrate the ability to satisfy functional requirements of the experi-

ment after it was subjected to such tests. Previous tests have included

qualification vibration tests of experiment hardware and electronics and

thermal vacuum exposure of the signal conditioning electronics package.
1 ,2
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II. TEST DESCRIPTION

A. TEST ARTICLES

Flight hardware for the SD802 materials experiment consists of four

experiment trays. Each tray is divided into six equal rectangles for conve-

nience in sizing and mounting experiments. Figures 1 and 2 provide tray

dimensions for 3- and 6-in. depth trays. Engineering batteries were installed

within the trays to accurately simulate the various states of stress concen-

tration and fatigue associated with the placement of a large mass within a

structure. Table 1 provides the tray location on the LDEF. Figure 3 shows

these tray locations on the LDEF structure; Fig. 4 provides an overview of

the basic LDEF structure.

1. EXPERIMENT TRAYS (3 IN. DEPTH)

Both the leading and trailing edge 3-in. trays contain six individual

experiment modules. Modules I through IV and Module VI of both trays are

similar. Module V leading edge tray contains a fiber optic experiment and

electronic plastic encapsulated devices; this module is an electronic active

experiment. The trailing edge Module V contains a nonmetallic material and

electronic piece part passive experiment. The power supply for the signal

conditioning electronics consists of two 12 V batteries that are mounted at

the nonexposed base surface of Module I, both trays. The AFGL experiments are

located in Module VI, both trays. The leading edge experiment tray is shown

in Fig. 5, and trailing edge tray experiment is depicted in Fig. 6.

2. EXPERIMENT TRAYS (6 IN. DEPTH)

Both the leading and 'tailing edge 6-in. trays contain six individual

experiment modules. The contents of both trays are similar but differ

slightly in test sample types that are located within Modules III and VI.

Modules I and II contain the experiment power and data system (EPDS) and a 7.5

and 12 V battery that supplies power for EPDS. Nonmetallic and metallic com-

posite materials are combined within Module III along with a 7.5 and 28 V

battery that powers the Environment Exposure Control Canister (EECC). The

9
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Table 1. Tray Location on LDEF

LDEF
Location Tray S/N Description

D3 LE 155621-A-i-11 Trailing edge 3-in.
depth tray (T3)

D4 LE 155629C-7 Trailing edge 6-in.
depth tray (T6)

D8 LE 155629C-10 Leading edge 6-in.
depth tray (L6)

D9 LDE 155621A-1-3 Leading edge 3-in.
depth tray (L3)

12
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signal conditioning electronics package occupies Module IV, and the EECC

occupies Modules V and VI. The trailing edge 6-in. depth experiment tray is

shown in Fig. 7. The EECC heat shield is not installed.

3. TEST FIXTURE

The test fixture was manufactured to accommodate testing of 3- and 6-in.

depth peripheral experiment trays. The tray to fixture mounting interface was

designed to simulate the tray to LDEF structure coupling. Attachment of the

tray to the fixture required the use of special shims and a procedure similar

to that for attachment to LDEF. The aluminum test fixture weighs approxi-

mately 600 lb.

B. TEST FACILITY

1. EXPERIMENT PROCESSING

The sequence of events from receiving inspection to the bonded storage

area for experiment processing and preparations at LRC are summarized in

Fig. 8. Written procedures were required for all operations; experiment log

sheets were maintained to document operations performed; adherence to proce-

dures were monitored by the NASA Quality Assurance unit. A brief summary of

the activity of each station follows. The procedure used for electronic

functional tests is presented in Appendix A.

2. RECEIVING INSPECTION

The LRC receiving dock is the arrival point for all experiments. The

experiments remain within their container at this facility and were inspected

for exterior physical damage only.

3. LAMINAR FLOW CLEAN ROOM

a. Inspection

The laminar flow clean room is maintained at a cleanliness level of

100,000. The air flow within the room is from end to end. Within the laminar

flow room the shipping container cover is removed and the interior of the

container, exterior of the experiment, and the silica gel desiccant were

inspected. The aluminum protective cover attached to each experiment tray was

not removed at this time. In Fig. 9 is shown a photograph taken during this

inspection. Upon completion of this examination the experiments were returned

to the bonded storage area.

17
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b. Operations

When the experimenters arrive at LRC, the experiments are returned to the

laminar flow clean room and prepared for electronic functional tests. The

following steps summarize the activity within the laminar flow room:

1. Postshipment, premodification, electronic functional tests

2. EPDS modification and removal of EPDS magnetic tape recorder

3. Postodification and precertification vibration electronic functional
tests

4. Postcertification vibration electronic functional teats

5. Preparation of experiments for storage

4. BONDED STORAGE AREA, BUILDING 647

This is a controlled number access area; items are logged in and out by

Quality Assurance personnel and moved only by written request. The following

environment is maintained:

Temperature 40 to 90*P
Heat and air conditioning

Humidity Less than 601 relative

Cleanliness Similar to office space (experiment remains
in shipping container)

5. VIBRATION FACILITY, BUILDING 1250

This room is not maintained as a clean room, but every effort is made to

assure that clean room practices are adhered to; through traffic is minimized,

and the use of polyethelene protective covers is extensive. Temperature is

maintained between 40 to 90*F, humidity < 602 relative. Floor space within

this area is also provided to accommodate the weight and center of gravity

test set up. This test arrangement is shown in Fig. 10.

a. Vibration Equipment

A description of the equipment used for vibration testing is as follows:

One Unholtz-Dickie T1OOO electrodynamic shaker with self-contained slip
table and T145 amplifier

21
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* 17,500 force lb, peak sine capability

* 14,000 force lb, random RMS capability (34,000 LBF peak
instantaneo,,-)

Two H-P 5427A digital vibration controller/analyzers

* 4 channel control capability

0 Controls sine, random, or shock

* 512 line resolution for random or shock

* Floppy disk program and data storage

0 Tabular or graphic hard copy data output

9 Extensive analysis capability

Fourteen channel analog tape recorder/playback with digimark and voice
annotation

C. PROCEDURE

1. VIBRATION

Each experiment tray was subjected to the following vibratory seouences:

(1) transfer function determination, (2) self-check signal determination,

(3) sinusoidal vibration test, and (4) random vibration test. Individual test

procedures were provided for each of the four experiment trays. Again,

verification of adherence to the test procedure was documented by Ouality

Assurance personnel. A copy of the Experiment Certification Vibration test

procedure is provided as Appendix B. A copy of each comp-eted test procedure

Is on file at the Materials Sciences Laboratory of The Aerospace Corporation

and the LDEF Project Office at LRC.

The trailing edge 3-in. depth tray was the first unit to be subjected to

three axes of vibration tests. A drawing of each axis of vibration is

provided in Figs. 11 through 13. A 6-in. depto trailing edge tray followed

the 3-in. depth tray. The test sequence for the leading edge trays were

altered. Both the 3- and 6-in. trays were tested in a given axis to reduce

the amount of fixture handling.

a. Transfer Function

To Identify unacceptable amplitude excursions that might occur within the

frequency range of the test, transfer function plots were obtained and

23
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reviewed prior to progressing with sine and random vibration tests. The

vibration system provided the capability of examining the ratio of excitation

amplitude and forced vibration by ratioing the output of a control and monitor

accelerometer.

Transfer function response test options are as follows:

Bandwith

e 20 to 2000 Hz

* 10 to 100 Hz

* 10 to 50 Hz

Amplitude > 1 g < 2 g pk

Duration 30 to 50 sec

b. Self-Check Signal

The purpose of the control system is to maintain the acceleration at pre-

determined levels independent of the response of the structure. To assure

that the system has the proper signal-to-noise ratio to maintain the system

gain, a self-check signal is run, and the drive display is viewed prior to

each test. The self-check signal is a pseudorandom signal having .lke spectral

shape of the user-specified reference spectrum. When the self-check signal is

applied to the system, the response is measur.d, *swd from tfv. s the "System

Gain" is computed. To avoid overtesting, the self-check signal das applied at

approximately -12 dB for a time duration of 10 to 20 sec.

c. Sine Vibration Certification

Test levels for the sine vibration vary both as a function of tray loca-

tion and tray size. The frequency sweep for all sine tests starts at 35 Hz

and sweep down to 16 Hz. The down sweep was used to eliminate e4uipment

overload problems. The frequency sweep test level is shown as follows:

Input Amplitude Frequency Range Sweep Rate

1.4 g rms 35 to 20 Hz 4 oct/min

5 to 10.6 g rms 20 to 16 Hz 4 oct/min

27



A graphic representation of the test levels for the 3-in. depth experiment

trays is shown In Fig. 14. The 6-In. depth tray test levels are shown in

Fig. 15. An overview of the experiment tray location on the LDFF structure

versus the sine vibration test levels is shown in Table 2.

d. Random Vibration Certification

The random vibration frequency spectrum and input test level are

identical for all the experiment trays. They are as follows:

1. +3 dB/oct between 20 and 80 Hz

2. *3 dB/oct between 80 and 350 Hz

3. -3 dB/oct between 350 and 2000 Hz

4. Overall test level 6.1 g rms

5. Test duration 30 sec

A graphic representation is shown in Fig. 16.

2. INSTRUMENTATION

a. Accelerometers

Preliminary vibration tests in each of the three mutually perpendicular

axis of vibration were conducted using the tray vibration fixture, NASA

No. LE 155606C, and a 3-in. depth experiment tray loaded with a dummy mass to

simulate experiments. The purpose of these tests was to determine whether

single or multiple point accelerometer control would be required to stay

within the bounds of the input specifications. A survey of the accelerometer

response data revealed that a single-input control accelerometer could be used

for the sine vibration te.ts. A three point accelerometer input control would

be best suited to control the random vibration test spectrum.

Since all the experiment trays were tested in an inverted position, It

was impractical to record response data from each experiment module within the

tray. A decision was made to limit the number of accelerometer channels to

six. Table 3 identifies the accelerometer function, and Figs. 11, 12, and 13

depict the approximate placement of the control accelerometers. Location of

the three monitor accelerometers on the 3- and 6-in. depth experiment trays

28
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Table 2. Sine Vibration Test Levels Versus LDEF
Structure Location

LDEF
Experiment Structure Sine Test Levels (g rms)

No. Location L M N

N40003 D4, D8 5.0 9.2 5.6

M0002 and D3, D9 5.0 10.6 5.0

M40003

31



co

0

0
4w

LLJ z
>i)L

Li.) - 4

zZ z 5a) AIS3 Z80d
0 LiVH13:1:4

o = 32



Table 3. Accelerometer Function

Accelerometer No. Control Monitor Description

Sine Random

1 X X Sine drive accelerometer,
averaged for random
vibration

2 X X Monitors fixture during sine
test, averaged for random
vibration

3 X X Monitors fixture during sine

test, averaged for random
vibration

4 X Always placed on main I beam
of tray

5 X L3, Module IV, base
T3, Module IIIbase
LT6, Module IV, base (SCU)

6 X LT3, Module I, battery
attach plate

LT6, Module III, battery

attach plate

33



are shown in Figs. 17 and 18. The monitor accelerometers were removed and

remounted for each axis of testing, and the sensitive axis of the acceler-

ometer was oriented to the axis of applied vibration. Actual location of the

accelerometer placement may vary from the coordinate points by J0.25 in.

34
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III. TEST RESULTS

A. OVERVIEW

Four experiment trays were subjected to the certification vibration

tests. No physical structural damage was detected on the tray structure or to

the module hardware that retained the test samples. Two test samples, EA3-5

and EA3-7 passive hybrid circuits, debonded during the random vibration test L

axis. These test samples were mounted within Module V, 3-in. trailing edge

tray. After visual examination of the test samples, the cause of the bond

failure was evident. The existing bond covered less than 50% of the bondable

area on both test samples. By mutual agreement of the project personnel

involved, it was decided to rebond the test samples and not retest in the L

axis, but continue testing in the M axis. The amplitude of the sine test is

double for the M axis test as compared with the L axis. Random vibration test

levels were the same for all axes.

After completing the vibration tests, the data collection and data

storage system of tray pairs were exercised using battery power. All data

channels and the EPDS timing sequence functioned properly.

B. TRAILING EDGE TRAY (3-IN.)

The N-axis of vibration was first complete1d. This axis of vibration in

respect to all the experiment trays is the most severe from the standpoint of

controlling fixture-induced resonant conditions. The test fixture and experi-

ment tray mounted on the vibration exciter in the N axis Is shown in Figs. 19

and 20. Note in Fig. 19 that the test fixture extends beyond the vibration

exciter head. Transfer function plots are shown in Figs. 21 and 22. The

frequency scale on Fig. 22 has been expanded to provide a more detailed look

at the low-frequency response.

The ability of the vibration system to control the sine and random input

vibration spectrum is shown in Figs. 23 and 24. On both figures the input

spectrum curve is flanked by an upper and lower 6 dB boundary. The control

accelerometer output is also plotted establishing the system response versus

the desired input spectrum.
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Transfer function plots for the L axis of vibration is shown in Figs. 25,

26, and 27. The frequency scale on the plots was again expanded to examine

the low-frequency response. These plots indicate that in the frequency band

between 15 to 20 Hz, there are no high-Q resonant peaks. Figures 28 and 29

present the output of the sine and random test control accelerometer.

Transfer function plots for the M axis and Figs. 30, 31, and 32 also

indicate the absence of high-Q resonant peaks between 15 to 20 Hz. In

Figs. 33 and 34 the output of the sine and random test control accelerometers

are presented.

C. OTHER TRAY RESPONSE DATA

A review of the input and monitor accelerometer data for the remaining

L3, L6, and T6 three experiment trays show similar low amplitude response data

for the transfer function plots. For the other trays the specified input

spectrum versus the actual drive accelerometer output is also similar to

Figs. 33 and 34. The input and monitor accelerometer data for the remaining

three trays are presented as Appendix C.

D. DATA RECORDING

1. BACKGROUND

A SD/LDEF Technical Users Manual has been published and provides a

complete review of the flight and ground support electronics, programming,

qualification testing, and transducer location.
3

Briefly, the data recording system consists of duplicate electronic pack-

ages for the leading and trailing edge trays. Data from the system are a mix

of high and low analog and parallel digital signals. The magnetic tape memory

provides storage for approximately 14 megabits of data. Data are obtained by

periodically scanning strain gage, thermister, solar power, quartz crystal

microbalance, and the monitor of electronic piece part circuits.

2. DATA

The tray pairs must be put in flight electrical configuration to prepare

the system to record data. Engineering batteries must be installed, and tray-
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tray jumper cables attached. Data collection is started by initiating the

Engineering Power and Data System (EPDS). After a suitable data collection

period has elapsed, the EPDS must again be initiated to terminate the data

collection. Using ground support equipment, the data on the flight tape must

be transcribed onto a computer compatible tape (CCT). The CCT is then read

out by a microcomputer.

Both pre- and posttest data scans were conducted by first taking a quick

look data scan to establish the state of each data channel. A 48-hr test run

was then initiated to test the EPDS data timing function. A representative

sample of the pre- and posttest data scans for the leading and trailing edge

experiment trays are shown in Tables 4 and 5.
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IV. EXPERIMENT WEIGHT AND CENTER OF GRAVITY

Prior to the certification vibration tests, the weight and center of

gravity of each experiment tray were determined.

The equipment used for this experiment consisted of a tray holding fix-

ture, three load cells and associated readout instrumentation, and an HP85

computer. Experiment weight and geometric center versus measured center of

gravity data are presented in Table 6. The location of the center of gravity

for each tray is shown in Figs. 35 through 38.

Table 6. Tray Weight and Center of Gravity

Geometric Measured Error
Weight Center Center of Gravity Radius Unbalance

Tray (lb) xa y x y (in.) (ft-lb)

T3 122.31 23.375 29.437 25.723 29.301 2.35 23.57

L3 107.25 23.375 29.437 25.061 27.153 2.83 25.37

T6 241.19 23.375 29.437 20.654 27.485 3.34 67.29

L6 240.01 23.375 29.437 20.743 27.366 3.34 66.97

aAll x,y values are distances from a fixed reference point

outside the tray boundaries.
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Revised 23 November 1982

M0003 DATA RECORDING FUNCTIONAL TESTS

1.0 Battery Installation

1.1 Function Tests

1. 1. 1 Experiment Power, Two (12V) Batteries, 3 Inch Trays

1.1.2 EPDS, 7.5 and 12V Battery, 6 Inch Trays

1. 1. 3 EECC, Not to be opened before flight

1.2 Flight Readiness

1. 2. 1 Experiment Power, Two (12V) Batteries, 3 Inch Trays

1.2.2 EPDS, 7.5 and 12V Battery, 6 Inch Trays

1.2. 3 EECC, 7. 5 and 28V Battery, 6 Inch Trays

2. 0 Wire Connections

2. 1 Connect 3" Tray to 6" Tray Interface Cables

2.1.1 Leading Edge Trays

6" Tray (LEl55 629C-10) Cable Connection Tray Connection

s1i0 to Pl0

Sill to Pill

S112 to P1 12

3" Tray (LEL55 621A-1-3

P107 to S107

P108 to S108

P109 to S109

2.1.2 Trailing Edge Trays

3" Tray (LE155621A-1-11 P207 to S207

P208 to 5208

6" Tray (LE155 629C-7) S209 to P209

P210 to $210

2.2 Remove flight jumper connection located on bottom surface of

EPDS
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2. 3 Ground Support Equipment Connections

2.3.1 P1 DPCA to a) S703 (EPDS)
b) P - MTM Controller

c) J5 Power MTM Controller

Z. 3.2 P2 CCT INT/FACE to Pl Kennedy CCT

3.2 GSE Power Turn On

* Turn on the 115 VAC Power Switch

* The Initiate Monitor RESET Lamp Should Be On

* The 10 VDC Meter Should Read 7. 5V

* The 15 VDC Meter Should Read 1ZV

* Move Spring Loaded Printer Switch to the RESET Position

* 12 VDC EPDS Power Switch to the ON Position

* 7. 5 VDC EPDS Power Switch to the ON Position

* 12 VDC Experiment Power Switch to the ON Position

* 7. 5 VDC Experiment Power Switch to the ON Position

* External 12 VDC, Negative Power Supply, to the ON Position

* Zero Current Reading on the Current Meter

3.3 EPDS Tape to Starting Position for Data Recording

3. 3. 1 Set Tape to Track #1

" DPCA-Manual Switch to the MANUAL Position

" Press Fast-Reverse (F-REV) button

a) Allow tape to remain in this mode until the stop lamp

indicates stop

b) When the stop lamp is on the -rack #2 indicating lamp

will light

" press the forward switch (FWD) then press the record

switch (REC)

a) Track #2 lamp will shut off, Track #1 lamp will

turn on

b) Remain in the mode for three minutes and press the

stop button

c) Track #1 lamp will turn off, Track #2 lamp will turn on

A-3



" ERASE ENABLE Switch to the ERASE ENABLE Position

ERASE ENABLE Lamp will light

" Press the fast reverse (F REV) button and allow the tape to

run until the tape STOP lamp turns on

" Turn the ERASE ENABLE Switch to the deactivated position

• Press the forward (FWD) button then press the record (REC)

button, let the tape run for one minute and press the STOP

button

" STOP lamp and Track #2 lamp should be on

4.0 Functional Tests

4. 1 Primary checkout procedure

Data recording fot the purpose of playing the data back through the

CCT and TRS-80 Computer and printer

Experiment powered through the DDB

4. 1. 1 For the combined post shipment and pre and post EPDS

modification electronic functional test, record data for a

minimum of thirty minutes

4. 1.2 For subsequent electronic functional tests, record data for

a minimum of 112 minutes

4. 1. 3 Switch arrangements for data recording

a) DPCA-MANUAL Switch to the DPCA Position

b) DDP Printer RESET Switch to the RESET Position

c) INITIATE SET-RESET Switch to the SET Position. This

switch arrangement will provide a GSE print tape while

the EPDS is recording data

d) 7.5 V current meter switch to the 1. 5 ma position, meter

should read a 0. 6 ma. (will overshoot initially)

e) After approximately 3. 5 minutes the system will start

recording data. The GSE printer will also start printing.

NOTE: The GSE print tape will only print 5 channels of

data during one print sequence, to print a full data scan on

the GSE rpinter the system must remain activated for two

hours. The printer will stop after it has printed the 72 data

channels.
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4.2 To transfer data from the EPDS tape to the CCT then to the TRS-80

computer

• Reset the INITIATE switch from the SET position to RESET

position. Stops the data collection sequence

• DPCA-MANUAL switch to the manual position

• MTM Controller, press the fast reverse (F REV) button,

allow the tape to run until the stop lamp turns on. At this point

the Track #2 lamp will also turn on

• Press MTM controller forward (FWD) and (REC) button and

let the tape run for 30-45 sec.

• Press the Stop button, the EPDS tape is now advanced

The next step is to transfer the data from EPDS to the Kennedy CCT

• Read-Write switch to the WRITE position

" Kennedy CCT, turn on the 115 VAC power switch and press

the LOAD button. Install magnetic tape if required - See

Kennedy Manual

" Press the ON LINE button, when the CCT is ready to accept

data the ON LINE, WRITE ENABLE, WRITE STATUS and LOAD

lamps will light

• MTM Controller, press the forward (FWD) button and then the

reproduce (REPRO) button. This will start the transfer of data

from the EPDS tape to the Kennedy CCT

• The Kennedy CCT will move in short increments, 10-15 seconds

between increments, until all the data is transferred - the

incremental movement of the Kennedy CCT will stop

" Push the STOP button on the MTM controller to stop the EPDS

tape

" Push the ON LINE button, ON LINE lamp will go off

4.2.1 To Transfer Data from the Kennedy CCT to the TRS-80

Computer then onto the printer

" READ-WRITE switch to the READ position

" Press REWIND on the Kennedy CCT, the CCT will rewind

and s top
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* Turn on the 115 VAC power to the TRS-80 computer, printer

and cassette recorder

* Load LDEF Program tape and read the program from the

cassette into the TRS-80 computer

a) Load cassette into the cassette player

b) Press the LOAD switch on the cassette player

c) Type CLOAD on the keyboard and press the ENTER

key on the keyboard

d) The cassette tape will start running, when it stops the

program is loaded into the TRS-80 computer, rewind

the cassette tape.

e) To insure that all the data was transferred from the

program tape to the computer repeat steps a) thru d).

In Line c) replace CLOAD with CLOAD?

* Press the ON LINE button on the Kennedy CCT, the ON LINE

lamp will light, the WRITE ENABLE lamp will turn on

* Type the word RUN on the keyboard and press the enter key

a) The computer will ask which set of data are we working

with leading or trailing edge trays, type in the appropriate

letter L or T and press the ENTER key

b) If a time printout only is wanted ansser "YES" to the

next question the computer displays. If the answer is

"NO" just press the ENTER key

c) The computer now will transcribe and printout the data

on the CCT, data Channels 7 through 72

4.3 Alternate test #1, this procedure may be used in case of electronic

problems with the Kennedy tape or TRS-80 Computer. GSE Paper

Tape Printout Only, Experiment Power Supplied by the Data

Display Box (DDB)

4. 3. 1 Initiate, SET-RESET Switch Move to the SET position

will now provide a GSE Papser Tape Printout
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4. 3.2 INITIATE Switch to the SET Position

a) The initiate monitor set lamp will light

b) -7. 5 current meter, on the 1.5 ma scale, will read full

scale then drop to .6 ma

c) 12V current meter will be < 100 ma

4.3.3 After approximately 3.5 minutes the GSE printer will start

displaying data in bursts of 5 data channels. This sequence

will continue until the 72 data channels are displayed (- 2 Hrs)

4. 3. 4 To Stop the system in this mode, SET and RESET Swtich to

the RESET position. If GSE Paper Tape is to be restarted,

PRINTER RESET Switch to RESET position

4.4 Alternate test #2, this procedure may be used in case of

a) partial malfunction of GSE equipment

b) data recording with the experiment in the Flight Configuration

(Flight battery power)

c) Data recording for the purpose of checking the data collection

timing sequence from initiate to beyond 94 hours continuous recording

4. 4. 1 Switch Arrangements

a) INT-EXT EPDS Power switch to INT position
b) DPCA-MANUAL switch to the MANUAL position

c) Initiate SET and RESET switch to the SET position.

NOTE: No GSE tape printout

d) To stop the collection of data, initiate SET-RESET Switch

to the RESET position. RESET lamp will turn on

4. 4. 2 To obtain a TRS-80 Computer printout repeat Steps 4. 2 & 4. 2. 1
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1.0 GENERAL

1.1 Test Objective

1.1.1 To-verify the structural integrity of the experiment when

subjected to the certification vibration test levels.

1.1.2 To demonstrate the ability of the experiment to satisfy

functional requirements 2fter being subjected to the

certification vibration test levels.

1.2 Test Description

1.2.1 The experiment vibration fixture (LE155606C) will be

mounted on the Unholtz-Dickie shaker in Building 1250.

The experiment will then be tested to the sine and

random vibration spectrums as identified in Figure 3 and 4.

1.3 Personnel Requirements

1.3.1 Test Engineer (T.E.)

1.3.1.1 The test engineer shall have the overall respon-

sibility for direction of this test.

1.3.2 Test Facility Operator (T.F.O.)

1.3.3 Quality Assurance Technician (R&QA)

1.3.4 Lxperiment Development Organization Representative

(E.D.O.)

1.3.4.1 Personnel from the Experiment Development

Organization will be present when appropriate.

1.4 Safety

1.4.1 Safety requirements are specified in the individual steps

of section 2.3 (Vibration Testing).
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1.5 Quality Assurance

1.5.1 A quality assurance representative will observe and assure

adherence to this test procedure.

1.6 Test Facility and Equipment

1.6.1 Facility

1.6.1.1 Environment test lab located Building 1250.

1.6.2 Equipment

1.6.2.1 Shaker and associated vibration

controller/analyzer available in the specified

test facility.

1.6.2.2 Integrated Experiment Tray/M6dule

1.7 Failure Criteria

1.7.1 Loose parts, cracks in the structure, or evidence of

component failure based on accelerometer response data

will constitiute a failure.

1.8 Log Book

1.8.1 A log book will be maintained for each experiment.

2.0 TESTING

2.1 Test Sequence

2.1.1 The vibration tests shall be conducted in the following

sequence for each axis (N, L, M).

2.1.1.1 Transfer functions

2.1.1.2 Certification level sine sweep

2.1.1.3 Certification level random vibration
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2.2 Instrumentation

2.2.1 Sine Test

2.2.1.1 The locations of the control and response acce-

lerometers for each axis are identified in figure

5, 6, 7.

2.2.1.2 Control and response accelerometer data will be

plotted in G's vs. frequency at the completion of

the test.

2.2.2 Random Test

2.2.2.1 The location of the control accelerometer for each

axis is identified in figure 5, 6, and 7.

2.2.2.2 Control accelerometer data will be plotted in

GRM's vs frequency at the completion of the test.

2.3 Vibration Testing

2.3.1 Transfer Functions (N Axis)

2.3.1.1 Install the experiment vibration fixture

(LE155606C) on the vertical shaker for

N" axis testing. Torque the 1/2" bolts

to 90 ft-lbs.

2.3.1.2 Attach the integrated experiment

tray/module to the vibration fixture

using clamp blocks and shims as per

LE155639 for side trays or LE155652 for

end trays. Torque the 1/4-28 bolts to

75 in-lbs.
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2.3.1.3 Assure that all instrumentation has been

properly calibrated.

2.3.1.4 Attach the control and response

accelerometers as shown in

figure 5.

2.3.1.5 Determine the transfer function between these

points and additional points as deemed necessary

by the test engineer.

2.3.1.6 Review the transfer function data

noting fundamental frequencies. If a

fundamental frequency -'35Hz is noted

then special cnnsideration should be

given to this experiment package.

QA

2.3.2 Certification Level Sine Sweep (N Axis)

2.3.2.1 Verify that th,- proper sine test has

been recorded on the disk (the "G" level

is specified in Figure 2, the spectrum

is as shown in Figure 3, the test will

be conducted from 35-16 Hz).

QA
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2.3.2.2 Subject the experiment package to the cerification

level sine sweep.

2.3.2.3 Review the response acceleration data and perform

a visual inspection of the experiment package to

insure compliance with the failure criteria.

QA

2.3.3 Certification Level Random Vibration (N Axis)

2.3.3.1 Verify that the random certification test level

has been recorded on the disk (see Figure 4).

QA

2.3.3.2 Verify that the control accelerometer is as

shown in Figure 5.

2.3.3.3 Subject the experiment package to the random

certification test.

2.3.3.4 Perform a visual inspection of the experiment

package to insure compliance with the failure

criteria.

2.3.4 Transfer Functions (L Axis)

2.3.4.1 Remove the accelerometers from the experiment tray

and vibration fixture.

2.3.4.2 Remove the integrated experiment tray/module from

the vibration fixture and attach it to the

handling fixture.
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2.3.4.3 Remove the vibration fixture from the shaker head

and install it on the slippery table oriented for

"L" axis testing (see Figure 6). Torque the 1/2"

bolts to 90 ft-lbs.

2.3.4.4 Rotate the shaker head 900 and attach it to the

slippery table. Torque the 1/2" bolts to 90

ft-lbs.

2.3.4.5 Atttach the integrated experiment tray/module to

the vibration fixture using clamp blocks and shims

as per LE155639 for side trays or LE155652 for end

trays. Torque the 1/4-28 bolts to 75 in-lbs.

2.3.4.6 Attach the control And response

accelerometers-as shown in Figure 6.

2.3.4.7 Determine the transfer function between these

points and additional points as deemed necessary

by the test engineer.

2.3.4.8 Review the transfer function data noting

fundamental frequencies. If a fundamental

frequency 35 Hz is noted then special

consideration should be given to this experiment

package.

QA
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2.3.5 Certification Level Sine Sweep (L Axis)

2.3.5.1 Verify that the proper sine test has been

recorded on the disk (the "G" level is specified

in Figure 2, the spectrum is as shown in Figure

3, the test will be conducted from 35-16 iz).

2.3.5.2 Subject the experiment package to the

certification level sine sweep sine sweep.

2.3.5.3 Review the response acceleration data and perform

a visual inspection of the experiment package to

-insure compliance with the failure criteria.

QA

2.3.6 Certification level random vibration (L axis)

2.3.6.1 Verify that the random certification test level

has been recorded on the disk (see Figure 4).

2.3.6.2 The control accelerometer is as shown in

Figure 6.
QA

2.3.6.3 Subject the experiment package to the random

certification test.

2.3.6.4 Perform a visual inspection of the experiment

package to insure compliance with the failure

criteria.
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2.3.7 Transfer function (M Axis)

2.3.7.1 Remove the accelerometers from the experiment

tray and vibration fixture.

2.3.7.2 Remove the integrated experiment tray/module from

the vibration fixture and attach it to the

handling fixture.

2.3.7.3 Rotate the vibration fixture on the slippery

table so that it is oriented for "M" axis

testing. Torque the 1/2" bolts to 90 ft-lbs.

2.3.7.4 Attach the integrated experiment tray/module to

the vibration fixture using clamp blocks and

shims as per LE155639 for side trays or LE155652

for end trays. Torque the 1/4-28 bolts to 75

in-lbs.

2.3.7.5 Attach the control and response

accelerometers as shown in Figure 7.

2.3.7.6 Determine the transfer function between these

points and additional points as deemed necessary

by the test engineer.
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2.3.7.7 Review the transfer function data noting

fundamental frequencies. If a fundamental

frequency 35 Hz is noted then special con-

sideration should be given to this experiment

package.
QA

2.3.8 Certification Level Sine Sweep (M Axis)

2.3.8.1 Verify that the proper sine test iias been

recorded on the disk. (The "G" level is spe-

cified in Figure 2, the spectrum is as shown in

Figure 3, the test will be conducted from 35-16

Hz).

2.3.8.2 Subject the experiment package to the

certification level sine sweep.

2.3.8.3 Review the response acceleration data and perform

a visual inspection of the experiment package to

insure compliance with the failure criteria.

QA

2.3.9 Certification level random vibration (M Axis)

2.3.9.1 Verify that the random certification test level

has been properly recorded on the disk (see

Figure 4).

2.3.9.2 The control accelerometer is as shown in

Figure 7.

QA
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2.3.9.3 Subject the experiment package to the random

certification test.

2.3.9.4 Perform a visual inspection of the experiment

package to insure compliance with the failure

criteria.

QA

2.3.9.5 Remove the accelerometers from the experiment

package and vibration fixture.

2.3.9.6 Remove the integrated experiment tray/module from

the vibration fixture and attach it to the

handling fixture.

2.3.9.7 Generate all plots as required by this procedure.

2.3.10 This concludes certification vibration testing of this

experiment.
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Figure 1. Experiment Coordinate System
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SINE TEST LEVELS
EXPERIMENT NO. LOCATION L m N
A0175 Al, Al 6.3 5.9 9.7

A0133 H7 11.9 11.9 6.4

A0019, A0180, A0023 D12 6.4 5.0 8.4

A0076 F9 5.0 12.0 5.0

M0003 D4, 08 5.0 9.2 5.6

M0002, M0003 D3, D9 5.0 10.6 5.0

$1001 F12 6.4 5.0 11.6

Si001 Hi 11.9 11.9 6.4

A0023, S1006, S1003, M0002 E6 5.0 5.0 9.8

A0135, S0050, A0044 E5 5.0 5.2 9.0

M0002, A0147, A0056, A0172 G12 8.1 8.1 6.3

AO139A G6 8.1 8..1 6.3

P0003 CR

A0189, A0172, S0001 D2 5.6 9.7 5.6

M0004 FS 5.0 10.5 6.0

A0056, A0147, S0001 B8 5.0 12.3 8.7

A0023, A0114, A0034, A0201 C3 5.0 14.3 5.0

A0023, A0114, A0034, A0201 C9 5.0 13.4 5.0

S0109 C12 6.3 5.0 8.3

A0201, S0001 06 5.0 5.0 8.1

S0079 F2 5.6 10.2 6.4

A0023, A0201 Hl 11.9 11.9 6.4

A0015, A0187, M0006 C2 5.6 11.5 7.4

A0201 B12 6.3 5.0 8.8

S0001 A12, F1, B1l 11.9 12.9 10.2

S0001 G8 8.1 8.1 6.3

Figure 2. Certification Level Sine Sweep (L, M, and
N Axes)
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SWEEP RATE: 4 oct/min

10

CONSTANT 9.2g "M" AXIS

8 DI S PLACEMENT

II

9 i AXIS

I - 5g "L" AXIS

4

2 1.4g

0 I I I I I

0 5 10 15 20 25 30 35
FREQUENCY (Hz)

Figure 3. Sine Vibration Spectrum for Certification
Acceptance
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0 0 0 0 0 0 0 a 0 0 0 00

ACCELEROMETER No. 3 A 0I

0. 0 'k 0 0I CEEOEE No.I

oACCELEROMETER No. 2
BOTTOM OF
EXPERIMENT TRAY

INVERTED EXPERIMENT TRAY
AND EXPERIMENTS

N-AXIS____________________ FIXTURE
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SHAKER

Figure 5. N-Axis Test Set Up
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APPENDIX C

INPUT~ AND MONITOR ACCELEROMETER DATA
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LAb.RATORY OPIRATIUNS

The Laboratory Operations of The Aerospace Corporatior is c.ndou, ng ex er-

Imental and theoretical Investigations tecesoary for the evalcatloc and applica-

tion of scientific advances to ew military spdce systems. Versatfty ard

flexibility have been developed to a high degree by the lnh~rtiry personnel io

dealhng with the many problems encountered in the nation's rapilv developiog

space systems. Expertis, in the latest scienrific developments is vital tm the

accomplishment of tasks related to these problems. Tl, lahoratcrles that con-

tribute to this research are:

Aerophysics Laboratory: Launch vehicle and reentr% aercjviacs and lea!

transfer, propulsion chemistry and fulod merhanlcs, structural mecranlcs, flight

dvniamics; high-temperature t:ermomechanics, gas kinetics and rasiation; resesrch

in environmental chemistry and contamlnation; cw ann pulsed chemlcai laser
development incluring chemical kinetics, spectrosco ,, optical resonators and

beam policing, atmispheric propagation, laser effects an counrereesuros.

Chemistry and Physics LaboratorZ: Atmospheric chem:cal rections, aret-
spheric optics, light s(atterfnf, sste-speciflc chelsa: reactions and radis-

tion transport in rocket plumes, applled laser spectroscopy. laser chemistr,

battery electrochemistry, space vacuir and radiatlon effe ts On materials, lu-

brication and surfaze phenomena, thermionic ezssiun, pht-srnsitive materials

and detectors, atomic frequency standards, and bienvirornentsl research and

monitoring.

Electronics Research Laboratry: Micruclectronics, GaAs low-noise anc

power devices, semiconductor lasers, electromagrietlc ad optical proparation
phenomena, quantum electronics, laaer communications, lidar. and electro-opzics

communication sciences, applied electronics, aemicond tor crystal and devi. e

physics, radiometric imaging; millimeter-wave and mtcrwave eehoClicgy.

Information Sciences Research Office: Program verlficatlon, program tra-is-
Istion, performance-sensitive system design, dist riLb,-ed srchite ureos for

spaceborne computers, fault-tolerant computer systems, artlfl, lal Inrelligesce,

and microelectronlcs applicaticns.

Materials Sciences Laborstcrv: Development of new s:eclls: metal matrix
composites, polymers, ad new forms of carbon: compoient fellure analysir and

reliability; fracture mechanics and stress corruslor; evaluatio. of materials in
space envirorment; materials performance in space transportation systems; anal-

ysis of sastems vulnerability and survivability in enemy-indced environments.

Space Sciences Laboratory: Atmospheric and ionospheric physics, radiatirn
from the atmosphere, density and composition of the upper atmosphere, auro:ae

and airglow; magnetospheric physics, cosmic rays, generation and propagation of

plasma waves in the magnetosphere; solar physics, infrared astronomy; the

effects of nuclear explosions, magnetic storms, and solar activity on the
earth's atmosphere, ionosphere, and magnetosphere; the effects of optical.

electromagnetic, and particulate radiations in space on space systems.
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